The first observation of the ultrafast H atom release of the ethyl radical is presented. Once electronically excited, C 2 H 5 undergoes a rather complicated dissociation process, which is still not complete understood. With the pump probe multiphoton ionization technique we were able to show, that at least one product channel is present in the ultrafast regime (fs). Further, a second 'slower' channel in the ps time regime was observed.
Introduction
Alkyl radicals constitute a class of unstable hydrocarbon species with central importance in combustion processes. Especially the dynamics of the H atom loss and the building of a double bond is of major interest. As one of the simplest alkyl radicals, ethyl (C 2 H 5 ) represents an important prototype for even more dynamically complicated radicals. The lowest accessible electronic excited states (A 2 A 1 3s-Rydberg and A 2 A 1 3p-Rydberg) of C 2 H 5 tend to dissociate and lie in the ultraviolet. The first unstructured absorption band of ethyl refers to the 3s-Rydberg state, which is expected to decay very rapidly by internal conversion to the ground electronic state upon absorption of a UV photon [1] . After the excitation with a 250 nm photon, the molecule has an excess energy above the dissociation threshold of approximately 100 kcal/mol. Calculations predicted reaction rates for the H atom loss in the order of 10 11 s -1 to 10 12 s -1 [2] . Gilbert et al. [3] have measured reaction rates of 1.8*10 7 s -1 by nanosecond photo excitation and ion detection of the released hydrogen atom. This discrepancy of 5 orders of magnitude between calculation and experiment is still not understood. Recently Amaral et al. [4] investigated the photodissociation of ethyl measuring the H atom energy-dependent angular distribution after UV excitation of the molecule and concluded that at least two channels for the dissociation exist. A 'slow' channel, which is isotropic in character for H atom release and therefore is expected to be comparable (or longer) in lifetime with a rotational period (~ ps) and a fast anisotropic channel with high kinetic energy release, suggesting a prompt and direct dissociation from the excited 2 A'(3s) state via its C 2v configuration 2 A 1 (3s).
2.

Method
We report multiphoton induced ion signals of ethyl radicals after photo excitation from the X 2 A' ground electronic state into the 3s Rydberg state on a femtosecond time scale, yielding a first direct measurement of the fast dissociation process of C 2 [5] . The branching ratio because of the potential crossing between the 1 Q 1 and 3 Q 0 state is ~3:1 towards the I* channel. Therefore, it has to be considered that the released ethyl radicals are energetically not cold. The 'initial' excess energy varies between 0.41 eV (I* channel/ 265 nm) and 0.78 eV (I channel / 250 nm), respectively 0.78 eV to 1.48 eV for the kinetic energy release [6] . The final excitation energy of the ethyl radical upon absorption of an additional UV photon within the same laser pulse is between 5.07 eV and 5.74 eV. The excitation energy is not high enough to excite the 3p-states of the radical. 
3.
Results and Discussion Figure 2 shows two typical ion signals for C 2 H 5 and C 2 H 5 I, as function of the probe delay. The data are presented together with their least square optimised fitted curves. The fit-model interactively fits the mother and the ethyl signal, including the two coupled time constants (τ 1 ,τ 2 ). These time constants reflect the dissociation of the mother molecule into ethyl and iodine (τ 1 ) and the dissociation from the 2 A'(3s) -Rydberg state of the radical (τ 2 ). For a 250 nm pump pulse these decay times could be determined to τ 1 = 40 fs and τ 2 = 370 fs.
The strong contributions at coincidence most probably originate from excitations to the C 2 H 5 I ion states, followed by fragmentation to ethyl ions and neutral iodine. Considering the pump pulse intensity, a double absorption process should give a power dependence of 2, while the probe laser dependence is of the order of ~ 2 to 3. This was confirmed for delays > 0 fs. At coincidence the signal shows a linear pump and ~5 to 6 photon probe power dependency, and therefore could be well distinguished. The ethyl iodine signal itself shows a linear pump power dependency independent from the delay.
Ion sign
Upon the absorption of the UV photon, the 3s state has the same classical C s structure as the ground state ethyl and the excited molecule appears in A 2 A' geometry. This state has no local minima in the vicinity of the ground state equilibrium structure. After photo excitation one proton from the CH 3 part slides to the C 2v bridging position over the centre of the CC-bond. The resulting A 2 A 1 state is unstable with respect to H detachment and dissociates without any barrier to the C 2 H 4 (X 1 A g ) and H ( 2 S) products [7] . We believe that the τ 2 dissociation time observed in our experiments is the first direct observation of this fast dissociation channel. It can be related to the anisotropic signal contributions of the experiments from Amaral et. al.. [4] The 370 fs decay is much faster than the typical rotational periods of the radical (which are in the order of several picoseconds (B,C~0.73cm -1 , A~3.4cm -1 )). Changing the excitation wavelength from 250 to 265 nm reduced the fitted time to τ 2 = 233 fs (τ 1 = 93 fs). In this case the final excitation of the radical is ~3000 cm -1 lower in energy. The molecules seem to dissociate faster with decreasing excitation energy. Even though a good correspondence between fit and experiment has been found by using a single (τ 2 ) dissociation process for ethyl in the model, it might not be sufficient enough for longer delay times. It is expected that the molecule undergoes an avoided conical intersection on its way to the C 2v configuration (between 70° and 85° degrees of CCH angle) [7] . This could fairly disturb the direct dissociation and the dissociation after internal conversion to the ground state. For example it could reflect the H atom back to its classical position after hopping onto the ground state PES. Therefore an additional second ('slower') dissociation rate has to be considered. The conversion probability is a function of the coupling strength, the energy gap between the diabatic PES's, the velocity in the tunnel region and in general is difficult in treatment. Considering the concept of transition rates in the form of the 'Golden Rule' expression [8] , the overlap integral of the initial (A 2 A'state) and final (X 2 A'state) vibrational wave function mainly determines the rate. Amaral et. al. have measured a branching ratio between their 'anisotropic' and 'isotropic' dissociation channel of 0.2 and defined them as 'fast' and 'slow' channel. This would lead to a tunnel probability of ~80%. Increasing the delay times in our experiments to several pico-seconds gives some clear evidence for an additional decay process as shown in Figure  3 . Considering the high 'tunnel'-rate, this 'slow' decaying contribution appears unexpected weak in intensity. But, the dependence of the photo ionization matrix element on the geometry of the molecule is not negligible and particularly when the wave packet moves through a region of an avoided crossing, a change in the ionization probability is expected [9] . This second time constant could be fitted to τ slow ~ 6-7 ps, which is comparable to the rotational periods of the molecules. The internal energy might not be completely randomised after the UV excitation and a lifetime of a few picoseconds is expected on signal [a 
